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0 Curable ink or paint eoncaining aloetrkaily eendtierivo mataJ partielaa. 

. A curable inle or paint eontatning at laaat 8% by voluma 
of elacthcally eonductiva matal paitidaa so that on curing tha 
ink or paint baeomoa aiactrieally eonductivo wMrtin in ordar 
that the inic or paini may ba eurabla by maana of uv light tha 
partidaa ara ehoaan to havo a apadfiad ahapa and tiza and 
tha ink or paint indudas a photosonsidaar (such as an amino, 
nitro or oxo compound) which is axcttod by uv tight and an 
activator which fa dacomeoaad by tha sxatad photosansitia- 
tr to produce frae radieale which euro tha ink or paint Tha 
phetoaanaitiaef tranamtta anargy from the uv light into tha 
inner ragiona of the ink or paint so avoiding the light* 
seraoning affact of the matal parttdaa-'Also componanta an 
circuitry comprising the aleorieatly eonductiva curad inIc or 
paint 
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CTOABLE ISK OR PAliff CONtAlHING ELECT RICALLT 
COHDOCriVE HETAL PAKEICLES 



This lav«ncion relates to 4 curable lak or ?aiat 
contaialag electricall? conductive metal particles which reader 
5 th« cured lak or paint electrically coaductive. The inveatioa 
also relate, to the electrically coaductive cured iak or paiac and 
to elec'tricaUy coaductive cempoaeats «ad circuitry comprisiag the 
cured lak or paiac. 



Curable laka or palats of this type are used the 
10 B«aa£actur. at for «ca«iple heatiag for vehicle viadovs . 
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membrane switches, circuit coopoaenca for use ia for example 
potentiometers or electro-optic displays or printed circuitry la 
general. The inks or paiats comprise a high coacencratloa (8Z bj 
volume o£ the ink or pelnt) of electrically conductive aetal 
5 particles dispersed la one or more organic prepolymers which are 
curable under the action of free radicals to produce a form-stable 
•l*ctricAll7 conductive cured laic or paint. The high 
concentration of metal particles is essential to ensure that even 
when well dispersed, the metal particles are sufficiently mutually 

10 adjacent (preferably contiguous ). to render the cured lak or palat 
electrically conductive by providing conductive pethvays through 
the cured lak or paint. Hitherto the ink or paint has usually 
comprised a thermallj decomposable activator which on heating 
decooposee to generate free radicals so that the ink or paint caa 

15 be cured by heatlag. In practice heating can oaly be done slowly 
and with careful coatrol of temperature otherwise the organic 
prepolymers scorch. Attempts have beea made to cure the ink or 
palac by means of ultra violet light which preseacs no serious 
risk of scorchlag and which in theory offers a faster cure* 

20 However the mlnlTm.m concentration of aecal particles aeeded to 
ensure electrical conductivity is acre :haa sufflcieat to screen 
all but the surface of the lak or paiat from the curing action of 
the ultra violet light. 
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An objecc of this Inveacloo Is co provide a curable iak 
or paiat comprising ac least 8Z by voluoe of aetal particles which 
can be cured by means of ultra violet light to produce an 
electrically conductive cured ink or paint. 

5 Accordingly this invention provides a curable ink or 

paint comprising at least 8Z (preferably 10 to 26Z) by voluae 
(based on the volume of the uncured ink or paint) of electrically - 
conductive metal particles dispersed in one or more organic 
prepolymers which are curable by means of free radicals co produce 

10 an electrically conductive cured ink or paint wherein 

the mecal particles have a thickness of - 
less than 1 ^m, a maximum diaenslon of less than 30 ^m 
and not more chan 10* by aiiaber of the flakes have a 
maximum dimension of above 20 ^m, 

the ink or paint also tcntrises a photosensitiser which 
Is reverslbly convertitle co an excited state on 
irradiation by ultra violet light and 

the ink or paint also cccprises an accivator -'hich can 
be caused to create free radicals by the presence of zhe 
reversibly excised phocosessitiser , whereby Irradiartcr. 
of the ink o: paint wl:h ui:ra violec lighc exci:ss :r.e 



15 (b) 
(c) 

20 
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- phocpsanslciser causlag ch« acslvacor zo create fret 
radicals which cure the prepolymar. 
Preferably the metal particles are ia the form 
of flakes. 

5 Pheeeaantltiaar ia eh« surfaea ragiens o£ the ink or 

paint raealvas •nars7 froa iaddeac ulcra violac light and ic wa» 
dlscoverad chat providad cha macal flakas vara o£ suitably saall 
dlaassieas, tha raeaivad aaargy was traaamittad areuad tba flakes 
and into lanar ragioas of tha ink or paiae so overcoming tha 
10 seraaaisg problea posed by metal particles. It was discovered' 
that free radical activity was ganaxatad throughoue tha lak or 
paiat so that curing was aoc coaiiaad to tha surfaea regioes. 



Typical photesansitisars iadoda amines or nltro or cxo 
compounds; Aromatic photoinitiators ara^pref enred. Oxo compounds 
are lass llkaly to discolour tha Ink or paint and usually have 
baetar dark-stabllltias aapacially whaa aerylata prapolymars are 
used. Good traasalssioa' of energy occurs if tha exe group is 
20 attachad to aa aromatic ring free from groups (for example hydroxy 
groups ortho to tha oxe group) which stablilsa sa excited state. 
Suitable arovatie katoaas iaeludat 
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/ 

vhart X IJ B or M Acatophenone or 

\ 

CH3 alcenACivelj 
la BeMophanoaa or Michlar 's kacona 3^ ,ci<ilcliloro-p- 

phanoxy acacophenoaa 



10 



15 




20 vhart Z is H or C2H5- ie 
9ylO*anthraqulaoaa or 
Ech7l-9 , 10-atttiir*qulnone 



25 



o 




Xaachona or altsraaclvely 
Ihioxanchona, 
Ztbylchioxanchoaa , 
Dodacylthioxanchone » 
i5opr opyl rhioxaazhcr.e or 
2-chlorochioxaaihoca say 
be us ad. 
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0 0 



0^ 



9 » 10-ph«xi«BthrttnttquiaoQ« 



o 

11 



4-(aech7lbeaz7lch±o)ph«nyl k«con* 



10 



15 



O OCH, 
II I 



3«azlldlJMtfa7l aetcal 



20 



Bttnzola 



0 OH 

)• I 
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or 



0 

II l> 



5 vh«r« V is """ ^ ^ i« l-phan7l-l»2-propanedion«-2-0 

bttMoyloxlaa or V is -OC2S5 ie l-pheayl-^ljI-propaacdione-Z-O- 
ethoxycarbonyl oxiae. 



10 3«n2aldtth7d« is an axample of an aldehyda 

photosensitisar and mecbyl echyl kacona or diacecyl are cypical of 
alpbatie photosansiclsars* Convtncionally ulcra vlolec light is 
ragardad as having a va^valangch of from I to 450 nm and for tha 
purposas of this indention light having a vavelangth of 200 :o ^50 

15 nm is preferred so as to promote any diffraction around the setal 
particles vhlch might occur. 

Tha activator is a compound which creates free radicals 
20 suitable for initiating curing on receipt of energy cransmircad 
from the phetosensitiser. Usually the activator vill contain sr. 
easily abstracted mobile hydrogen moiety attached co a carbon 
moiety adjacent a aoiecy more electronegative chan carbon (fcr 
example nitrogen). Because the activator respoacs co brcadlj 
25 same energy as the photosensitiser, the activacer coo is rypliail:- 
an amine, titro or 0x0 compound, preferably aromatic. Acccrdir.gl/ 
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phocosensicisers vhich can develop mobile free radicals 
(especially aobile hydrogen moieeiee) may acc as 
s€l£--phocosensicising activators provided that the rate of 
production of mobile free radicals is sufficiently slower than the 
5 rata of transmission of energy throughout the Ink or paint. 
Eowaver it is not always easy to ensure that a self -sensitising 
activator has a sufficiently slower rata of radical formation and 
80 for this reason the activator may differ from che 
phocosensitiser. The preferred activators are carbozylates and/ or 
10 aaines. Typical preferred activators are aminophenyl carboxjlates 
or alkylamino (especially 3-dimetfaylaaino) benzoetes, for example 

13 

where T 1* C2H5- or -ca2CH20C4H9 !• SchyL or Bucoxyechyl 
3-<dim«cbylafflino) phenyl ear boxy laces . 



20 Other aaine ectlveeors iaclude 2,2l-dlhydroxydi«=hyl- 

aaiae, dlaechyl (2-hydro3cyechyl)aa±ne, crl (2-hydroTyechyl)aaise , 
3-(dlaecbylam±no) benzaldehyde, l,3-di(H-2-hydroxyechyl)-4- 
plperidyDpropaae and 4-bea2oyl-?yradine. Non-aaines ara 
chlorobenropheooae, 4,4l-bis(crichlorooechyl)beazoph»aone, asters 

23 of 2-benzoyl banioic acid, baaxoyl biphenyl, 1-baszoyl r.a?chalftse , 
gC ^-dlethoxy acecophenone aad 3-cartiary bucyi-X/i'^-crichlsra- 
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acecophendne. Exaaples of compounds which are boch acrivacors asd 
sensirisars ixiclade Hichler's Icecone, 2-chlorochioxa&theco&e, 
2--ech7laiLChra^ulQone and 2-chloroanchraqulnoQe. 

« 

Tta« shftlf*Iif« of cha curable ink or palnc say be 
5 increased by adding a radical stabiliser in order to inhibi: che 
slow creation of free radicals which may occur even in the absence 
of ultra violet light. Suitable stabilisers may have a quizenoid 
structure such as benzoqulnone. 



The curable prepolymer comprises aonomer, dlaer, trimeri 
10 oligomer or a mixture of two or more of these types which cure wO 
a aacromolecule on initiation by free radicals, MJjcturss 
comprising oligomers » trlmers and/or dlaers are preferred because 
they are more easily obtained in forms sufficiently viscous for 
ink* or paints. Viscosities of 50- to 200 centipoise ara 
15 comonplace. Mixtures of wo or more prepolyoers will '^-aaJ-lj 
undergo copolymerlsation (including addition copolymerlsatioa, 
Intercondenaaclon and/or crossllnklng) during curing to iorz a, 
macromolecule composed of moieties originating from more than ore 
species of prepolymer. 



20 Suitable coaaercially available ?re?cl>-ners ir.cl-d3 
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aoaoj&ers, diaers, crimers and oligomers of vinyl acetate T-^n^y 
alcohol and preferably escers of acrylic (lacludlng aechacrylic) 
acids. For exaaple alkyl, hydroxy alkyl or alitanepolyol esters of 
aono-, dl- or crlacrjlates or their aechacrylate analogues nay be 
5 used. Specific exaaples include hydroxybutyl acrylace, 

dicyclopencadiene acrylACe, 1,6-hexanedlol aonoacrylace, 
. cydohexylacrylace, 1 , 6-hexanediol diacrylace, aeopeacyl glycol 
diacrylate, crlethyleae glycol diacrylace, ethylene glycol 
diacrylace, criaethylol propane diacrylace, triCpropyleae glycol 

10 diacrylace), triaechylol. propane triacrylate, pentaerythricol" 
.criacrylate and glycerol acrylates. Suitable higher molecular 
weight prepolymers include polyol acrylates, epoxy acrylates, 
polyescer acrylates, polyecher acrylates, aelamine acrylates, 
urechan acrylates or aery la ted alkylols and cheir aethacrylate 

15 analogues. Specific exaxaples include pentaerythritol 

tetracrylate, dipentaerythritol hexacrylate, ditriaethylol propane 
tetraprylate, epoxidised drying oil' acrylace, aliphatic epoxy 
acrylates, oligoacryla.tes derived froa bisphenols A. or F and the 
condensates of a hydroxyl--containing acrylace, a dl*isocyanate and 

20 a hydroxy l^ontaining moiety. iromatic prepolyaers aay be 
modified by isocyanates to produce prepolymers such as aromatic 
urechan acrylates. Sxaaples of prepolymers vhich can only be used 
in mixtures also comprising crosslinicing prepolymers Include 
polyaoides vhich are usually crosslinked by means c£ amides such 

25 as lI,N^-aechylene or N,Ni-hexaaethyleae bis aery lamide cr 
bismechacrylafflide. The propolymers aay be used '^ith coupli=.g 
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agents such as S-vinyl-pyrrolldone or trimeshylol propaae. 

I 

The ottcal flakes are preferably made by flattening 

^ malleable metal spheres. The metal should possess good electrical 
conductivity and corrosion resistance and for this reason copper, 

5 alualnlua, nickel, gold, platinua, palladiua and especially silver 
are preferred* Alloys may be used. Prior to mixing with :he 
prepolymer, the surface of the flake preferably carries a 
monomolecular layer of a surfactant such u the ester of a long 
(le Ci2 CO C30) chain carboxylic acid. Oleates, stearates and 

lOpalmitrates are convenient. The surfactant assists in the 
^ performance of this invention by facilitating the close approach 
of metal flakes so enabling a chosen degree of conductivity zo be 
achieved with fever flakes and hence a lower screening effect. 
Because of the electron tunnel effect, adjacent flakes need not be 

15 contiguous* For cooaerdal purposes the resistivity of the laver 
of cured ink or paint should be less than one ohm per square 
portion of the surface of the layer. The flakes say be adequately 
dispersed in the prepolymer by means of three roll milling. 

The Invention also provides a cured eiectrlcali? 
20 conductive ink or paint comprising at least 3Z by volume of :netal 
flakes having :he suitable diaensions as specified hereinbefore 
and containing a photoinitiator cr its residues. The invention 
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further provides a componeat for an electrical circuit or an 
electrical circuit each comprising the cured electricall? 
conductive ink. 



The iaveacioa is illustrated by- the folloving Ixamples. 

EXAMPLES I TO 4 

Tvo types of silver flake were aade. Soth types vere 
0.1 >m chick aad a moaoaolecular layer of sodium s tear ate vaa 
api^lled to the surfaces of each. The other dimensions of the 
types are shown in Table U 





T7P« 


Kazimma 

dimension of all the 
flakes : ^ 


Maximum 

dimension of- all bcz 
iOZ by number of the 
flakes 




I 


20 ^ 


10 ^m 




II 


30 pM 


20 
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Curable inks were made by nlxlag csgecher the coEponeacs 
specified below usiag a chree roU alll. Ucb. ink v« pjia-ed 
once glass usiaf a allk aefeea eoapriaiag 120 (la Sxaaple I) or 80 
(la Examples 2, 3 and 4) threda/a» aad passed 18 oa below a 78.7 
S watt/cm2 leap vhlch Irradiated it with ultra violet light la :he 
vaTeleagth rang* 404 to 436- am ia Sxaaples 1 and 4 or 334 aa la 
Examples 2 aad 3. The ink cured aad its reslstlvley v», 
measured. The results are showa ia Table 2 where "pass 
speed-refers tp tha speed at which the priated glass was passed 
10 through the bcaa from the lamp. 
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TABLE 2 



5 


Examplft 


?ass Spe«d 


ReslsclTlcy 
ohm/squar« poctloa o£ 
cured lak surfacft 




1 


7 


0.47 


10 


2 




0.4 




3 


IS 


0.5 




4 


18 


0.9 


15 










5 


0.9 


0.06 




6 


0.9 


0.05- 


20 


7 


0.9 


0.18 



Cooponaau of alxtuxe: 
25 Exaaple 1 

67. 5Z bf wr Typ» I silver flakes 

22.11 by wr a- propriecary phococurable prepolymar comprising a 
fflizcixra of acrylaca aonoaer, diaer and crisier aad 
aa activator all sold by Coaces 3ro4 Led as ^^311 

0.4X by £Lhyl aachraquiaone (phocoseasitiser) 
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Examples 2 aad 3 



51.0Z b7 wt T7p« II silver flakti 

5 47.0Z b7 vt Th« propriccary mixtur* as used la Sxaaple 1 

1.02 bj SUlca Co confer chloxocropy 

UOZ by vt Schyl aathraquiaoae (photoseaaiciser) 



10 Zxaaple 4 



51. OZ by wt Type II silver flakes 

30.0Zbywf Spoxy acrylace sized wich srlaechyl propane 
15 cxlacrylace 

7.0Z by wt TrlCpropyleae glycol diacrylate) 
8.0Z by wt Butoxyechyl 3-(diaethylaa±ao)pheayl carboxylace 
(activator) 

4Z by wt Isopropylxaathoae (phocoeenslciser) 

20 

IXAMPL2S 5 TO 7 



Furiher curable inks vera sade by aixing cogeiher :he 
coapoaenss specified below using a zhree roU aill. lach iak v^s 
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prlntad ooco gla^ss using a silk screen coaprisii^g 73.2 chreds/ca 
and vas passed 18 ca belov a 200 vacc aedium pressure mercury 
lasp. The ink cured and its reslsclTlcy vas oieasured* The 
res isclvl ties obtained cogethar vlth the pass speeds used are 
5 shovtt la Table 2. 



Exaaple 5 . 

10 58Z by wc Type II silver flakas 

•8,8Z by vt A proprietary phococurable triacrylata prepolTmer 

sold by DCS as (711480 
17.71 b7 wc A proprietary epoxy aery late prepolymer sold by 
Rofaa as ?lex 6673 

15 9.7tby wc • H-vlnyl-pyrrolidone coupling agent for prepolyaers 
ZlZl by W Benzll diaetbyl acetal (photosensitlser) 
3.6Z by wt Ethyl 3-^lmethylaalno-ben2oate (activator) 
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CLAIMS 



I. 



10 



15 



A curtbl. ink or p»lac conprlslng «c l.a«t 8Z by volua. 
(based on tha voluat of th. «icur«d ink or paint) of 
•lactrlcally conductive aec*l pmrrlelM dispersed ia oae 
or more orgaalc prepolTmer. which art curable b7 aeaas of 
frea radicals ee produce aa alaccrlcaliy eoaduccive cured 
iak or paint wherein 



the aetal particles have a thickness of 
less thaa 1 jm, a maxiaum diaeasien of less than 30 
JM and not oore than lOZ by nuaber of the flakes 
have a aaxisua diaenslon of above 20 jm. 



<b) the i&k or paint also comprises a phocoseaslclser 
which is reverslbly. convertible to an excited state 
oo irradiation by ultra violet light aad 

(c) the lak or palat elso comprises aa ectivecor vhleh 
can be caused to create free radicals by the 
presence of the eseited photosensislser, vhereby 
irradiation of the ink or peiat vith alcra violet 
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light excite the photosensitiser causing the activator 
to generate free radicals which cure the prepoly-Tner . 
2. An ink or paint as claimed in claim 1 wherein the 
photosensitiser is an aromatic oxo compound, 
5 3, An ink or paiit as claimed in claim 1 wherein the 
activator is an aromatic amine and/or carboxylate. 

4. An ink or paint as- claimed in claim 1 wherein the 
metal particles are in the form of flakes. 

5. An ink or paint as claimed in any one of the preceding 
10 claims wherein the flakes are silver flakes. 

6. An ink or paint as claimed in any one of the preceding 
c l ai m s wherein the prepolsmier comprises an acrylate and/ 
or a methacrylate. 

7. An ink or paint as claimed in any one of the preceding 
15 claims which has been cured and contains a photosensit- 
iser and/or a residue of a photosensitiser. 

8. A component for an electrical circuit or an electrical 
circuit comprising a cured ink or paint as claimed in 
claim 7. 
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